Receptors for C3 exist in two states, an active state in which the receptors promote phagocytosis and an inactive state in which they do not . For example, cultured human monocytes (MO) bear separate receptors that bind C3b-and C3bi-coated erythrocytes, but neither receptor promotes phagocytosis of such C3-coated erythrocytes (1) . Brief stimulation ofthe MO with the tumor promoter phorbol myristate acetate (PMA), however, renders both C3 receptors competent to generate a phagocytec response . Similarly, C3 receptors of resident murine peritoneal macrophages do not promote phagocytosis but are activated when these cells are incubated with a specific lymphokine (2) . We have been unable to identify a comparable human lymphokine, and therefore sought other molecules that might represent physiological regulators of C3 receptor activity in human mononuclear phagocytes.
coated erythrocytes (see below) to remove anti-erythrocyte antibodies and FN .
FN and SAP were adsorbed with immobilized antibodies as follows . Staphvlococcus aureus (BRL, 1 tug) were incubated for 40 min at 20°C with 20 gg of anti-FN or anti-SAP antibodies, washed, then incubated with 5 ttg of FN or SAP for 30 min at 20°C, and removed by centrifugation .
Cells. Human monocytes were purified on Percoll gradients and cultured in Teflon beakers (1) . Human neutrophils were purified on Ficoll-Hypaque gradients (9) . Sheep erythrocytes (E) were coated with IgM (EIgM), IgG (EIgG), C3b (EC3b), or C3bi (EC3bi) as described (1) . E were coated with gelatin (Difco Laboratories Inc ., Detroit, MI) using tannic acid (4) . The resulting EGel were incubated with 2 mg/ml human serum albumin (HSA) (Worthington Biochemical Corp ., Freehold, NJ) for 1 h at 20°C before use . EGel were coated with IgM anti-E antibodies (1) to yield EGelIgM . Complement-and gelatincoated E were ordinarily suspended at 10'{/ml in 2 .5 mM veronal buffer, pH 7 .5, 75 mM NaCl, 2 .5% dextrose, 0 .05% gelatin, 0 .15 mM CaC12 , 0 .5 mM MgC12 (DGVB++) . For incubations with soluble FN, we used a buffer (DHVB ++ ) that contained HSA (1 mg/ml) instead of gelatin .
EIgM and EGelIgM were coated with complement proteins (principally C3b and C3bi) by incubating 2 x 10" E/ml for 15 min at 37°C with R7 diluted to '/7 of normal serum concentration (based on protein content) in DGVB++ . The resulting EIgMC or EGelIgMC were washed twice in DHVB++ and used immediately . Sulastrales. Gelatin (1 .5%) spontaneously adsorbed to plastic in a 24-h incubation at 5°C . Proteins were covalently cross-linked to poly-L-lysine (PLL)-coated culture surfaces using glutaraldehyde (10) . PLL-coated plastic surfaces were coated with a monolayer of E or EIgM, and the E were subjected to hypotonic lysis to yield ghost surfaces as described (1) .
Phagog1losis . 0 .5-1 .0 x 10' MO/ml in phosphate-buffered saline (PBS) containing 3 mM glucose, 1 mg/ml HSA, and 0 .3 U/ml Aprotinin (Sigma Chemical Co ., St . Louis, MO) were added to protein-coated or ghost-coated surfaces for 45 min at 37°C . The monolayer was washed and ligand-coated E were added . After 45 min at 37°C, the uptake of E was scored (1) . The number of attached or ingested E per 100 phagocytes is termed the attachment index or phagocytic index, respectively .
Results
MO that have spread on HSA-coated, gelatin-coated, or uncoated plastic (data not shown) readily ingest EIgG but ingest very small numbers of EC3b or EC3bi (Table I and (Table I) . Because the FN and SAP are covalently bound to the substrate, it is unlikely that they are acting as opsonins ; rather, these proteins stimulate the activity of receptors on the opposite surface of the MO .
Two lines of evidence indicate that stimulation of C3-mediated phagocytosis is caused by SAP and FN rather than by a contaminant in both preparations . First, FN binds to gelatin through a specialized domain (6), whereas SAP does not . When FN was added to a gelatin-coated surface, C3-mediated phagocytosis was stimulated in adherent MO ; when SAP was added, no stimulation was observed (Table I, in Teflon beakers were allowed to spread on the coated surface for 45 min at 37°C; then the phagocytec index was determined using the indicated ligand-coated E. The percent of phagocytes ingesting at least one E is given in parenthesis. A similar number of phagocytes attached to all the surfaces used. Results of a representative experiment (offive) are shown. 30 ng/ml PMA was included with ligand-coated E during phagocytosis . *Surfaces coated with gelatin were incubated for 30 min with 100 ug/ml of FN or SAP, washed, then used immediately in an experiment as described above. Neutrophils were used in place of MO in the assay of phagocytosis. Results are averaged from two experiments.
solutions of SAP but not from FN (data not shown) . The capacity to respond to FN-coated surfaces increases as MO are maintained in culture (Fig. 1) . Freshly explanted monocytes adherent to FN-coated surfaces showed minimal phagocytosis of EC3b (Fig. 1) or EC3bi (data not shown), but after 3 d in culture, MO C3 receptor activity was markedly stimulated when phagocytes were plated on FN-coated surfaces . Thus the capacity of MO to activate their C3 receptors in response to FN-coated substrates requires maturation and occurs at a similar stage of MO development to that described previously for the activation of C3 receptors by PMA (1).
C3b receptors of human neutrophils mediate binding but not ingestion of C3-coated E (11). Neutrophils lack FN receptors (4), and therefore attachment of neutrophils to FN-coated substrates does not activate their C3 receptors (Table  I, part III) . PMA, however, activates both the C3b and the C3bi receptors of human neutrophils (Table I, part III) .
To determine if soluble, as opposed to surface-bound FN stimulates MO C3 receptor activity, we developed a method for incubating MO with soluble FN in the absence of surface-bound FN . A special procedure was necessary because FN spontaneously attaches to plastic culture surfaces and enhances C3 receptor activity of MO plated on these surfaces even after the soluble FN is washed away (data not shown) . We plated MO on plastic substrates coated with a monolayer of red cell ghosts . Soluble FN does not significantly stimulate C3-mediated phagocytosis in MO spread on such ghost surfaces (Table II) , indicating that soluble FN cannot stimulate phagocytosis in adherent MO.
FN and SAP bind to bacteria (12, 13) . Thus, MO may encounter FN or SAP either on the substratum or on C3-coated bacteria . To determine if the phagocytosis of C3-coated particles is enhanced when FN is simultaneously bound to the same particle, we used E coated with gelatin and IgM. EGel1gM showed little Surface EC3b (%) (Table II) by MO . However, when EGelIgM are coated with both FN and C3, they are efficiently ingested (Table II) . Similar effects of FN on phagocytosis of EGelIgMC were obtained with MO cultured for 3-10 d (data not shown) . In 13 determinations, the phagocytic index of EGelIgMC by MO adherent to ghost surfaces was enhanced an average of 5.3-fold by the addition of FN . Since FN does not bind to ghost surfaces, the added FN acts by binding to the EGelIgMC . Thus, C3 receptors of MO are activated by FN bound to a C3-bearing particle .
Discussion
FN and, to a lesser extent, SAP augment the capacity of C3b and C3bi receptors of human MO to promote phagocytosis of EC3b and EC3bi (Tables I  and 11 ). Since (:3-coated particles are readily ingested if they also bear FN (Table  II) , FN activates C3 receptors on the segment of membrane to which it binds . More importantly, the interaction of substrate-bound FN or SAP with the basal portion of the MO plasma membrane activates C3 receptors on the apical portion of the MO plasma membrane (Table I) . Thus, binding of MO membranes to FN and SAP generates a signal that is propagated to the entire MO plasma membrane.
Pommier et al . (3) recently reported that the ingestion of C3b-coated E by human monocytes is stimulated by soluble FN . While our observations are consistent with this finding, the amount of phagocytosis stimulated by soluble FN is small in comparison with that stimulated by substrate-bound FN (Tables I  and II) . This may explain why other authors have failed to observe FN-mediated enhancement of C3 receptor activity in freshly isolated monocytes (4, 5) .
The capacity of substrate-bound FN to stimulate C3 receptor activity of cultured monocytes may explain the divergent reports on this subject (1, 14, 15) . Since MO synthesize FN (16) , it is likely that MO cultured on glass or collagen substrates coated these substrates with FN and may have thus stimulated the activity of their own C3 receptors.
Our observations suggest new roles for FN and SAP . FN binds to a number of bacterial species (12) , and to particulate activators of the alternative comple-1342 WRIGHT, CRAIGMYLE, AND SILVERSTEIN BRIEF DEFINITIVE REPORT 
